The CMS GEM collaboration plans to equip the very forward muon system with triple GEM detectors that can withstand the environment of the high-luminosity LHC. This project is at the final stages of R and D and moving to production. An unprecedented large area of several 100m2 are to be instrumented with GEM detectors which will be produced in six different sites around the world. A common construction and quality control procedure is required to ensure the performance of each detector. The quality control steps will include optical inspection, cleaning and baking of all materials and parts used to build the detector, leakage current tests of the GEM foils, high voltage tests, gas leak tests of the chambers and monitoring pressure drop vs. time, gain calibration to know the optimal operation region of the detector, gain uniformity tests, and studying the efficiency, noise and tracking performance of the detectors in a cosmic stand using scintillators.
Introduction
The CMS Collaboration is planning several muon system upgrades in order to maintain its high level of performance achieved during LHC Run 1 also during the future High Luminosity LHC [1] . A quadrant of the CMS muon system is shown in Figure 1 , where both the present detectors and the proposed extensions are displayed. In the 1.5 < |η| < 2.4 forward endcap region, currently only Cathode Strip Chambers are installed. To increase redundancy and enhance the muon trigger and reconstruction capabilities in that region, additional muon detectors are foreseen. In particular, two new stations, called GE1/1 and GE2/1, would be equipped with GEM detectors. Furthermore, in order to increase the coverage for muon detection up to |η| ≈ 3, another GEM station called ME0 is proposed to be installed behind new endcap calorimeters. 
The GE1/1 Station
For the muon detectors to be installed in the CMS 1.5 < |η| < 2.2 endcap region in the face of the high luminosity, GEMs are an excellent choice due to their thin profile and the ability to operate well at the high particle fluxes expected there under HL-LHC conditions. The GE1/1 station will be equipped with triple-GEM chambers that were developed over the years starting in 2009 [2] . The detector front-end electronics will be based on the custom designed VFAT3 chip, providing both fast input to the CMS level-1 muon trigger and full granularity information for the offline muon reconstruction. A full description of the GE1/1 station can be found in [3] .
Chambers and Superchambers
The GE1/1 stations to be installed in each of the two CMS endcaps consist of 36 superchambers, each made of a double layer of trapezoidal triple-GEM chambers that cover about 10
• in φ. The superchambers alternate in φ between long (1.5<|η|<2.18) and short (1.6<|η|<2.18) versions to maximize the coverage of the available space. The total thickness of a superchamber is 88 mm.
The 144 GE1/1 chambers needed to produce the 72 superchambers in total, have a trapezoidal shape with a 10.15
• opening angle and are 3.5 cm thick. They contain a triple-GEM detector with a 3/1/2/1 mm drift/transfer-1/transfer-2/induction field gap configuration. The active readout area is 0.345/0.409 m 2 for the short/long chambers. The foils for the short/long chambers are segmented in 40/47 HV sectors and in 3 × 8 readout sectors in φ × η, each with 128 readout strips, yielding a total of 3072 readout channels per chamber. The chambers will be operated with an Ar/CO 2 70:30 gas mixture, at a nominal detector gain of 1-2×10 4 .
Detector Production and Quality Control
The GEM foils are produced at the CERN Surface Treatment Workshop using a single-mask technique. A new technique in which the three GEM foils of a chamber are simultaneously stretched in a mechanical way, allows to assemble a full chamber in a few hours time [4] . As depicted in Figure 2 , the general GE1/1 chamber and superchamber assembly and quality control workflow consists of 3 main parts:
• Component production and quality control (QC1-2)
• Assembly and commissioning of GE1/1 chambers at production sites (QC3-5)
• Assembly and commissioning of superchambers at CERN before installation in CMS (QC6-10)
After cleaning of all parts using ultrasonic baths, baking and sand blast procedures, the inspection of the main chamber components includes an I-V curve measurement of the voltage divider, an optical and electrical inspection of the drift board, and a verification of the readout board checking for possible shorts between readout strips. The GEM foils are optically inspected for defects and then submitted to a leakage current test (see Figure 3 ) in which the foils should not draw a current higher than 30nA when a potential difference of 500V is applied between the GEM metal sides.
Upon completion of the assembly, every chamber is checked for gas leaks by pressurizing it up to 20 mbar with dry nitrogen. Next, the output signal of the chambers is monitored after flushing for several hours with Ar/CO 2 and turning them on at moderate HV. Furthermore, the uniformity of the gain of each chamber across its surface is verified in a dedicated setup inside a Copper protective box (see Figure 4) , with an SRS/APV25 hybrid based dataacquisition [5] and an X-ray source placed at a distance of about 1 m, illuminating the full chamber at once.
Superchambers are fabricated by coupling together two GE1/1 single chambers. Inside a cosmic stand, a high voltage scan is performed on each chamber and the relevant parameters such as detector gain, noise levels and cluster size are measured with the final detector electronics. Figure 5 shows the present cosmic stand at CERN, which allows to test up to 15 superchambers at once and features fully automated HV scans, measurements of cosmic muon tracks and a DAQ system comparable to the final setup to be used inside the CMS experiment.
Throughout the entire detector assembly and quality control procedure, all detailed information and test results will be stored in an Oracle based database for future reference.
Assembly Sites
At present, six assembly sites are being considered for GE1/1 mass production. All sites will follow the same assembly and quality control protocols and will include at least the following setups:
• A certified cleanroom of class 1000 minimum to assemble full GE1/1 chambers; the cleanroom must be equipped with clean and dry nitrogen gas lines used to blow chamber parts during the assembly
• A nitrogen-flushed box to measure GEM foil leakage currents at voltages up to 500V
• An X-ray setup for gain uniformity measurements across the chamber surface
• A gas leak measurement station for verify gas tightness of the chambers
Pictures of different assembly site candidates are shown in Figure 6 .
Summary
Facing the High-Luminosity LHC, the CMS Collaboration is planning several muon system upgrades in order to maintain its high level performance in terms of muon triggering and reconstruction. CMS recently approved the installation of the so-called GE1/1 station: during LHC Long Shutdown 2, the 1.5<|η|<2.2 region of the first endcap disks will be equipped with a total of 144 new triple-GEM detectors, arranged in 72 super-chambers. The GE1/1 chamber assembly will be done at several locations in-and outside CERN; a detailed chamber assembly and quality control workflow is being worked out.
